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Abstract— It is observed through empirical studies that the 
effectiveness of industrial process have been increased by a well 
organized of machines maintenance structure. In current 
research, a novel of maintenance concept has been designed by 
hybrid several maintenance management models with Decision 
Making Grid (DMG), Analytic Hierarchy Process (AHP) and 
Fuzzy Logic. The concept is designed for maintenance personnel 
to evaluate and benchmark the maintenance operations and to 
reveal important maintenance strategies such as Condition Based 
Maintenance, Design-out Maintenance, Operate to Failure, 
Service Level Upgrade, Fix Time Maintenance etc. The 
experimental maintenance data are collected from one of food 
processing industries in Malaysia for the whole period 2004-
2008. The result shows that a novel of hybrid maintenance 
management models is suitable to be applied as industrial 
applications for machines maintenance in industries.  
I. INTRODUCTION 
The importance of maintenance functions for maintenance 
management in commonly industries has growing rapidly [1]. 
Recently problem has found that the industries usually just 
follow the maintenance advices provided by contractors to 
perform maintenance processes.  This dependency on outside 
contractor will surely increase maintenance cost [2].  To 
overcome this problem, Information Technology (IT) is 
indeed the best solution by mining historical data and predicts 
future maintenance strategies [3].  
There is lots of IT models with varieties of optimizations 
and techniques that have been proposed to improve the 
effectiveness of the industrial processes ([4], [5], [6], [7]). In 
order to increase the effectiveness of the machines, an 
appropriate concept with decision making capability is 
extremely needed [8].  This research advocates the hybrid 
maintenance models to analyze industrial data to support 
industrial maintenance process.  Decision Making Grid (DMG) 
by [9], Fuzzy Logic by [10] and Analytic Hierarchy Process 
(AHP) by [11] are the maintenance optimization models and 
techniques that have been used.  
II. BACKGROUND OF STUDY   
This section describes the brief explanation about 
maintenance models that have been used to develop the 
concept as follows:  
 
1) Decision Making Grid 
Reference [9] has developed an intelligent maintenance 
system and proposed a Decision Making Grid (DMG) model 
based on multiple criteria and rule-based system, which has 
been successfully implemented in the automotive sector 
producing roof systems industry.  DMG is a control chart in 
two dimensional matrix forms. A better maintenance model 
for quality management can be formed by handling both row 
and columns respectively.  The matrix offers an opportunity to 
decide what maintenance strategies are needed for decision 
making.   
Reference [12] modified DMG proposed by [9] as one of 
the decision support module in computerized system. They 
extended the theory of maturity grid and implemented it into a 
disk brake part manufacturing company in England.  Later, 
reference [13] comprehended the model and demonstrated the 
hybrid intelligent approach using the DMG and fuzzy rule 
based techniques.  Then [14] applied the formalized DMG in 
computerized system in one of the food processing factories in 
Malaysia. Reference [15] improved the DMG by introducing a 
tri-quadrant approach to cluster and categorize the variables.  
Reference [16] described the maintenance strategies for 
changeable manufacturing using DMG and Fuzzy Logic for 
failure prone manufacturing system. 
 
 
2) Fuzzy Logic 
Fuzzy Linguistic was introduced by [17] as a superset of 
conventional or Boolean logic that has been extended to 
handle the concepts of partial truth that is truth values between 
“completely true” and “completely false”.  It was described as 
a means to model the uncertainty of natural language.  
Reference [17] stated that rather than regarding fuzzy theory 
as a single theory, we should regard the process of 
“fuzzyfication” as a methodology to generalize any specific 
theory from crisp or discrete to a continuous or fuzzy form 
[10].  By the term “fuzziness” Zadeh meant classes in which 
there is no sharp transition from membership [18]. 
 
3) Analytic Hierarchy Process  
Analytic Hierarchy Process (AHP) was developed by [11] 
as mathematical decision making model to solve complex 
decision making problems when there are multiple objectives 
or criteria considered.  It requires the decision makers to 
provide judgments about the relative importance criterion for 
each decision alternative [19].   
AHP has been used to solve the maintenance problem in 
many industrial areas.  For instance, [20] have used AHP to 
justify the Total Productive Maintenance (TPM) in Indian 
industries.  While [21] have described the application of AHP 
to selecting the best maintenance strategies for an important 
Italian oil refinery.  Reference [22] described the selection of 
optimum maintenance strategies based on fuzzy AHP for 
thermal power plant in China.  Reference [23] has been 
evaluated the information service quality of ten primary high 
tech industry information center web portals in China using 
AHP.  
III. MAINTENANCE  CONCEPT 
In brief, maintenance concept has been designed as shown 
in fig. 1 below: 
 
 
Figure 1 Hybrid Maintenance Concept Design 
 
This design shows the continuous process for the 
effectiveness of maintenance management in SMIs.  The 
design is an iterative process of recoding, extracting, and 
studying the data, analyzes the data based on decision making 
models, and the results are applied in the in manufacturing 
system.  Each of them is described as follows: 
1. Recording the data.  Maintenance data are always 
recorded by maintenance personnel as tracery history.  
The data can be recorded in several ways, it can be 
written manually in maintenance data form or by 
writing using computerized system.  Some machines 
have automatic writing systems embedded in them.  
Data in this framework are inserted into the database 
system for further analysis.  These data are very 
useful for analysis as well as for improving the 
effectiveness of maintenance management in 
industries.     
2. Extract and studying the data.  The maintenance data 
which is recorded in the database is very useful for 
maintenance experts as it helps in taking 
maintenance decision and in maintenance 
management.  The problems and factors that 
influence machine breakdowns can be selected and 
analyzed from that raw maintenance data.  The 
quantitative data can be selected and collected from 
database to embed with decision making models. The 
qualitative data from the maintenance experts can 
also be used and inserted in the database to be 
embedded with decision making models.      
3. Analyze the data with decision making models.  All 
selected data is analyzed using decision making 
models, both in DMG and in AHP, to get an 
appropriate maintenance strategies and maintenance 
decisions for each machine.     
4. Producing the decisions results.  The DMG can 
produce the appropriate maintenance strategy by 
embedding the machines downtime and frequency of 
machine failures.  The qualitative data from 
maintenance experts, such as maintenance manager, 
technician, or machine operator, can be submitted in 
Fuzzy DMG to provide the better results in decision 
making.  The AHP models can be used to produce 
the best maintenance decision from multiple criteria 
and multiple alternatives in maintenance 
management, such as selecting the best contractors to 
conduct maintenance operation.  Both DMG and 
AHP are used in the Decision Support System (DSS) 
to simplify the analyzing process and to reduce time 
needed in making maintenance decisions.  With these 
maintenance decisions, the maintenance knowledge 
can be attempted and can provide suggestions for 
better maintenance action in industrial maintenance 
processes.  
5. Apply the suggested maintenance strategies and 
maintenance decisions into the industrial process.  
The results from decision support system should be 
applied in manufacturing process.  It leads to better 
maintenance action for each machine based on the 
calculation of the data from DMG.  OTF, FTM, CBM, 
SLU, DOM are examples of maintenance strategies 
that are suggested in each machine.  These 
maintenance strategies are explained in detail as 
follows: 
a) Operate to Failure (OTF): This strategy is 
implemented when the machine seldom fails, 
and once failed the downtime is short, Failure 
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Based Maintenance (FBM) is suitable for the 
machines in this group;  
b) Fixed Time Maintenance (FTM): This strategy 
use Preventive Maintenance (PM) schedule, 
implemented when failure frequency and 
downtime are almost at the moderate cases; 
c) Skill Level Upgrade (SLU): Machine always 
failed but it can be fixed very fast.  Maintaining 
the machines in this group is relatively easy.  
Upgrading the skill level of the operator, 
because machine has been visited many times 
(high frequency) and for limited period (low 
downtime); 
d) Condition-Based Maintenance (CBM): This 
used to analyze the breakdown event and closely 
monitor its condition when the machine does not 
breakdown often but  take a long time to fix; 
e) Design Out maintenance (DOM): Machine is 
always fails.  Once failed, it takes a long time to 
bring it back to the normal operation.  This is the 
most problematic group of machines and major 
design out projects need to be considered.  
Sometimes, machines need to be structurally 
modified.  
The best maintenance goal from multiple criteria and 
alternative can also be reached based on the 
calculation in the AHP model.  This AHP model 
provide the best maintenance goal based on the pair 
to pair weight calculation from each maintenance 
criterion and maintenance alternative that is analyzed 
from the data recorded. 
  
After the maintenance strategy is applied to each machine, 
the next step is to record data on DSS design like extracting 
and studying the data, analyzing the data with decision 
making models and producing the decision results, until a new 
maintenance strategy is suggested for each machine and in 
time this will increase the effectiveness of the process of 
maintenance management in industries.    
IV. DATA COLLECTIONS 
In this study, the real data in the maintenance management 
from industries is indispensable for analysis of decision 
making and to justify the research purpose.  Several industries 
in Malaysia were visited for case study and analysis.  Data 
gathered from the Small and Medium Industry (SMI) in the 
field of food processing brings to evidence that they possess 
the International Standard Organization (ISO) in quality, prize 
and delivery schedules.  Two types of data, namely qualitative 
and quantitative data are collected.  
The qualitative data is obtained by observing the 
production floor process during peak hours and via interview 
with the factory managers, technicians, operators and 
maintenance staff in SMI.  The issues of machine breakdown 
and maintenance management is gathered for further analysis 
and to provide better maintenance strategies in the 
implementation of decision making models in DSS.  In this 
research, secondary qualitative data from [2] has been used for 
conducting the analysis.  They have distributed questionnaires 
to respondents who operate, maintain and manage the 
machines in SMIs.  
The quantitative data on machine specification, machine 
breakdown, maintenance management and repair report are 
collected with copies of the original maintenance forms from 
SMI.  The data are collected within a period of the year 2004-
2008 in the machines that are currently being used to produce 
ground fried coconut, kaya madu, roselle cordial juice, 
pineapple jam, roselle jam and starfruit jam.  The secondary 
data from machine operations, maintenance outsourcing, and 
other sources are taken from a brake pad manufacturing 
company, as posited by [12] and food processing company by 
[2]. 
V. TESTING AND ANALYSIS 
The testing of maintenance concept is done using 
qualitative and quantitative data on machine records from 
food processing industries.  The raw data is keyed into 
Microsoft Excel software for analysis.  The data analysis with 
maintenance concept is provided to obtain the maintenance 
strategy in each machine.  The result and solutions are given 
to the maintenance department to implement the suggested 
strategies in twice, the first in 2006 and the second in 2007.  
Then a comparison study is conducted to see the improvement 
of the experiment.  Fig. 2 below shows the graph of the 
implementation of maintenance concept to show the 
improvement base on the data recorded in 2004 until 2008. 
 
 
Figure 2. The Implementation of the Maintenance Concept 
 
After implementation of strategies in 2006 and 2007, some 
improvements have been observed, especially for machine H 
(filling machine), machine F (backup cooker) and machine M 
(machine labels and jet printer) as shown in fig. 2.  There is a 
rapid downtime reduction for machine H in the period 2006 
until 2008.  It is because the SMIs has installed new filling 
machine (machine H) to replace the worst performing 
equipment in 2006.  Thus, that machine has given well FTM3 
strategies with preventive maintenance and monitored by 
trained and experienced operator in 2007.  As consequences, 
less downtime occurs in Machine H and therefore the 
preventive maintenance has been removed for suggestion 
strategies in 2008. Machine H is just given the right trained 
experienced operator to solve its problem with still high 
frequency of failure but easy to solve.  Machine F has shown 
worse in 2006, but reflects some improvement in 2007.  
Machine F is given DOM strategy that suggested installing 
new devices in the production line based on the query 
selection method by [13].   But it is not enough to solve the 
maintenance problem.  In 2007, the maintenance strategies of 
this machine has been improved with hard FTM4 based on tri-
quadrant clustering method by [2] with more frequent tasks 
given to maintain the machines using preventive maintenance 
strategy.  This hard FTM4 strategy is suitable for machine F 
with decreasing machine downtime from 2007 until 2008.  In 
2008, the maintenance strategy suggestion of machine F is 
middle FTM5, which reduces the task to maintain the machine 
in each period of time in comparison to hard FTM4 strategy in 
2007.  Machine M also show the improvement in 2007.  It is 
because the operator has more experience in solving the 
problems that always occur as they are given ample training 
by the vendors of the machine.  The machine is given SLU 
strategy in 2007 and 2008.  Machine M is not given many 
tasks for maintenance because it automatically maintain when 
it seem to be failed by the hands of an experienced operator.  
Other machines are provided with usual maintenance 
strategies in SMIs such as OTF and easy FTM1 because these 
machines have low frequency of failures and low downtime 
which consequently results low in costs for the maintenance 
of the machines.  
VI. CONCLUSIONS 
The maintenance concept is proposed based on the fact that 
the system of decision-making needs to be improved for the 
effectiveness of the maintenance management system in 
industries.  This maintenance concept is designed with an 
appropriate maintenance strategy in each machine based on 
the selected decision making model.  The decision making 
models with the extension of mathematical and artificial 
intelligence have been formulated for some specific situations.  
This maintenance design is useful in measuring and 
suggesting the maintenance strategies on the machines, and 
consequently provides the guidelines to implement the 
maintenance activities in the industries. 
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